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Purpose: To investigate the correlation between functional bladder capacity, first 
morning urine osmolality, daytime voiding symptoms, and severity of nocturnal 
enuresis. 

Materials and Methods: We assessed a total of 101 children with nocturnal enuresis 
(mean age, 7.7±2.3 years). Patients were divided into three groups according to the se- 
verity of enuresis: (1) one to six episodes per week (46 cases, 45.5%), (2) one episode 
every day (29 cases, 28.7%), and (3) multiple episodes every day (26 cases, 25.8%). 
Baseline parameters were obtained from frequency volume charts for 2 days, first morn- 
ing urine osmolality, and a questionnaire for the presence of frequency, urgency, and 
daytime incontinence. 

Results: The severity of enuresis increased with younger age (p=0.037) and reduced 
functional bladder capacity (p=0.007) and daytime symptoms of frequency and daytime 
incontinence (p=0.012, p=0.036). No statistical difference in urine osmolality or ur- 
gency was found among the three groups. Both reduced functional bladder capacity and 
low urine osmolality increased according to the severity of enuresis (p=0.012). 
Conclusions: In children with nocturnal enuresis, severity was increased by younger 
age, reduced functional bladder capacity, and the presence of daytime voiding symp- 
toms of frequency and daytime incontinence. The incidence of small functional bladder 
capacity was increased in children with everyday wetting, and the incidences of both 
small functional bladder capacity and low urine osmolality were increased in children 
with everyday multiple wetting. 
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INTRODUCTION 

Nocturnal enuresis (NE) is a common pediatric disease 
worldwide that affects 5.6% of children aged 5 to 13 years 
in Korea [1]. The simple explanation for NE is that noctur- 
nal reservoir capacity is smaller than nocturnal urine out- 
put and difficult arousal due to deep sleep [2]. Although the 
evaluation and treatment of other causes of NE, including 
other voiding dysfunctions and constipation, upper airway 
obstruction and adenoid hypertrophy, attention defi- 
cit/hyperactivity disorder, and diabetes mellitus, are also 



important, treatment for NE targets the aforementioned 
three major factors. Under a recent guideline [3], primary 
treatment modalities of monosymptomatic NE (MNE) are 
alarm treatment and desmopressin, regardless of patho- 
physiology, rather than treatment based on causes. One 
important reason is that precise evaluation of the causes 
of enuresis is impractical and stressful, because con- 
venient measuring of nocturnal bladder capacity and noc- 
turnal urine output by use of a frequency volume chart can- 
not be applied to children with NE. Parents have to buy dia- 
pers and a precise electronic scale to measure the weight 
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of the diapers to evaluate nocturnal bladder capacity and 
urine output. Because the guideline does not recommend 
evaluation of bladder capacity and urine output, many doc- 
tors only evaluate symptoms and conditions related to NE 
and voiding. Therefore, to evaluate the correlation between 
symptoms regarding NE, voiding, and causes of NE, we 
measured first voided urine osmolality for nocturnal polyu- 
ria and functional bladder capacity for nocturnal bladder 
capacity. 

MATERIALS AND METHODS 

1. Patients and evaluation methods 

We assessed a total of 101 children with NE (mean age, 
7.7±2.3 years) from September 2007 to July 2010. After a 
detailed individual history was taken, children taking any 
treatment or medicine for voiding dysfunction or NE in the 
previous 6 months were excluded. A physical examination 
including a neurologic examination and urinalysis was car- 
ried out. Baseline parameters were obtained from a fre- 
quency volume chart for 2 days, first morning urine osmo- 
lality as measured on a wetting day, and a questionnaire 
for the presence of frequency, urgency, daytime incon- 
tinence, and constipation [4]. 

2. Definition of parameters regarding voiding 

Patients were divided into three groups according to the se- 
verity of enuresis: one to six episodes per week (group 1; 46 
cases, 45.5%), one episode every day (group 2; 29 cases, 
28.7%), and multiple episodes every day (group 3; 26 cases, 
25.8%). Expected age-adjusted bladder capacity was calcu- 
lated according to the formula: bladder capacity=12 (age 
[year] + 11) [5]. We regarded < 65% of expected bladder ca- 
pacity (EBC) as reduced functional bladder capacity (FBC) 



Table 1. Patient characteristics 

Characteristic No. of patients (%) 



Sex 



Male 


72 (71.3) 


Female 


29 (28.7) 


FBC/EBC (%) 


71.9±30.8 


Reduced bladder capacity 


47 (46.5) 


First morning Uosm (kg/Osm) 


868.1±215.2 


Low first morning Uosm 


26 (25.7) 


Daytime voiding symptoms 


31 (30.7) 


Frequency 




Urgency 


56 (55.4) 


Daytime incontinence 


24 (23.8) 


Severity of NE 




Grade 1 


46 (45.5) 


Grade 2 


29 (28.7) 


Grade 3 


26 (25.8) 


Constipation 


13 (12.9) 



Values are presented as number (%) or mean±SD. 

FBC, functional bladder capacity; EBC, expected age-adjusted 

bladder capacity; Uosm, urine osmolality; NE, nocturnal enuresis. 



and >800 mOsm/kg as normal urine osmolality [6,7]. 
Bladder capacity and urine osmolality were classified as 
four types; type 1, normal FBC and normal urine osmo- 
lality; type 2, low urine osmolality but normal FBC; type 
3, reduced FBC but normal urine osmolality; and type 4: 
reduced FBC and low urine osmolality. 

3. Statistical analyses 

Data were calculated with SPSS ver. 14 (SPSS, Chicago, 
IL, USA). Mann-Whitney U test, Chi-square test, and line- 
ar-by-linear test were used to evaluate the differences in 
FBC, urine osmolality, daytime urinary symptoms, and se- 
verity of enuresis between males and females. To evaluate 
differences in age, FBC, urine osmolality, and presence of 
daytime symptoms according to the severity of enuresis, 
the Kruskal-Wallis test and Chi-square test were used. 
Bivariate correlation analysis was applied to evaluate the 
correlation between the severity of enuresis and four types 
of causative two factors. A p < 0.05 was considered statisti- 
cally significant. 

RESULTS 

1. Functional bladder capacity, urine osmolality, and day- 
time voiding symptoms 

Among a total of 101 patients, 72 patients (73.1%) were 
male and 29 (28.7%) were female (Table 1). The mean blad- 
der capacity for expected age was 71.9±30.8%, and it was 
reduced in 47 patients (46.5%). The bladder capacity of fe- 
male patients (59.9±25.8%) was smaller than that of male 
patients (76.9±31.6%; p=0.011) (Table 2). The mean first 
morning urine osmolality was 868.1±215.2 mOsm/kg and 
it was low in 26 patients (25.7%) The urine osmolality of 



TABLE 2. Functional bladder capacity, first morning urine 
osmolality, daytime urinary symptoms, and severity of enuresis 
according to gender 



Variable 


Male 
(n=72) 


Female 
(n=29) 


p-value 


FBC/EBC (%) 


76.8±31.6 


59.9±25.8 


0.011 a 


First morning Uosm 


889.6±221.8 


815.0±191.3 


0.038 a 


(mOsm/kg) 








Daytime voiding 








symptoms 








Frequency 


23 (31.9) 


8 (27.6) 


0.813 b 


Urgency 


37 (51.4) 


19 (65.5) 


0.269 b 


Daytime incontinence 


15 (20.8) 


9 (31.0) 


0.307 b 


Severity of enuresis 






0.385 c 


Group 1 


32 (44.4) 


14 (48.3) 




Group 2 


19 (26.4) 


10 (34.5) 




Group 3 


21 (29.2) 


5 (17.2) 





Values are presented as number (%) or mean±SD. 

FBC, functional bladder capacity; EBC, expected age-adjusted 

bladder capacity; Uosm, urine osmolality. 

a : Mann- Whitney U test, b : Chi -square test, c : Linear-by-linear 
test. 
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TABLE 3. Relationship between severity of enuresis and reduced bladder capacity, first morning urine osmolality, and daytime 
voiding symptoms 



Variable 




severity ot 


enuresis 




Grade 1 (n=46) 


Grade 2 (n=29) 


Grade 3 (n=26) 


p-value 


Age (yr) 


8.3±2.3 


7.4±2.4 


7.1±2.3 




Median ranking 


58.9 


46.5 


42.1 


0.037 a 


BC/EBC (%) 


80.1±32.5 


70.2±31.3 


57.8±21.3 




Median ranking 


60.0 


48.8 


37.5 


0.007 a 


Uosm (mOsm/kg) 


859.7±208.5 


895.2±202.9 


852.9±244.3 




Median ranking 


49.3 


54.2 


50.4 


0.774 s 


Frequency 


10 (21.7) 


7 (24.1) 


14 (53.8) 


0.012 b 


Urgency 


29 (63.0) 


12 (41.4) 


115 (57.7) 


0.178 b 


Daytime incontinence 


8 (17.4) 


5(17.2) 


11 (42.3) 


0.036 b 



Values are presented as mean±SD (%), and number (%). 

BC, bladder capacity; EBC, expected age-adjusted bladder capacity; Uosm, urine osmolality. 
a : Kruskal-Wallis test, b : Chi -square test. 



TABLE 4. Incidence of the 4 types according to functional bladder 
capacity and urine osmolality in groups 1-3 

T . ... Group 1 Group 2 Group 3 

Variable . p-value 

(n=46) (n=29) (n=26) 

Type 0.012" 



1 (Both normal) 


21 


(45.7) 


9 


(31.0) 


8 


(30.8) 


2 (Normal FBC+ 


9 


(19.6) 


4 


(13.8) 


3 


(11.5) 


low Uosm) 














3 (Small FBC+ 


14 


(30.4) 


14 


(48.3) 


7 


(26.9) 


normal Uosm) 














4 (Small FBC+ 


2 


(4.3) 


2 


(6.9) 


8 


(30.8) 



low Uosm) 

FBC, functional bladder capacity; Uosm, urine osmolality. 

a : bivariate correlation analysis (Pearson's correlation coeffici- 

ent=0.249). 

female patients (815.0±191.3 mOsm/kg) was lower than 
that of male patients (889.6±221.8 mOsm/kg; p=0.038). 
The incidence of urgency (56 cases, 55.4%) was almost twice 
that of frequency (31 cases, 30.7%) and urge incontinence 
(24 cases, 23.8%). 

2. Association between severity of enuresis and other pa- 
rameters 

The severity of enuresis decreased with age (p=0.037) 
(Table 3). In a comparison of FBC and first morning urine 
osmolality according to the severity of enuresis, FBC was 
reduced according to the severity of enuresis (p=0.007), 
whereas first morning urine osmolality was not sig- 
nificantly different (p=0.774). Although the incidences of 
daytime frequency and urge incontinence were increased 
with the severity of enuresis (p=0.012, p=0.036), the inci- 
dence of urgency was not significantly different (p=0.178). 

3. Association between severity of enuresis and 4 types of 
causative two factors 

Small bladder capacity and low urine osmolality were pos- 



itively correlated with the severity of enuresis (Pearson's 
correlation coefficient=0.249, p=0.012) (Table 4, Fig. 1). 
The most common type in group 1 was both normal FBC 
and urine osmolality (45.7%); group 2 was only small FBC 
and normal urine osmolality (48.3%). The incidence of both 
small FBC and low urine osmolality was higher in group 
3 (30.8%) than in group 1 (4.3%) and 2 (6.9%) (Table 4). 

4. Association between constipation and other parameters 

The incidence of constipation was 12.9% (13/101 cases). 
The incidence of constipation in patients with daytime in- 
continence (25.0%, 6/24 cases) was higher than the in- 
cidence of no incontinence (9.1%, 7/77 cases) (p=0.042, 
Pearson's Chi square). Age, frequency, urgency, bladder 
capacity, urine osmolality and severity of NE were not cor- 
related with constipation. 

DISCUSSION 

In the evaluation of NE by an evidence-based strategy, 
careful assessment of NE-related symptoms by ques- 
tionnaire, physical examination, urine analysis, and fre- 
quency volume chart are only essential in the initial evalu- 
ation [8]. Furthermore, the recently published National 
Institute for Health and Clinical Excellence (NICE) guide- 
lines do not recommend even urinalysis unless there is no 
suspicion of recent onset, daytime symptoms, urinary tract 
infection, or diabetes mellitus [3]. We were interested in de- 
termining the correlation between clinical symptoms eval- 
uated by questionnaire and causes of NE that could be sim- 
ply measured in real practice, because this may be helpful 
in the selection of a treatment modality. 

To evaluate the presence and severity of enuresis, day- 
time urinary symptoms, constipation, and other related 
diseases, application of a specialized questionnaire is 
useful. The Korean questionnaire used in this study was 
developed by Kwak and Park [4] , and has also been used 
as the official questionnaire by the Korean Children's 
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Group 1 



Group 2 



Group 3 






1: normal FBC and normal Uosm, 2: low Uosm but normal FBC, 3: reduced FBC but normal Uosm, 4: reduced FBC and low Uosm. 

FIG. 1. The four types (1 to 4) classified by the causative factors of functional bladder capacity and first morning urine osmolality 
according to the severity of nocturnal enuresis (Groups 1 to 3). 



Continence and Enuresis Society for the evaluation of pa- 
tients with NE. The frequency volume chart is a useful non- 
invasive method for evaluating urine volume, daily urine 
output, and voiding patterns. In addition, maximum void- 
ed volume (MW) is used as a descriptive factor for bladder 
accommodating ability. However, there is significant in- 
tra-individual variability in these measurements and dif- 
ferent methods are applied in real practice, such as MW 
after a holding maneuver and largest daytime voided vol- 
ume (FBC) excluding first-morning volume as recorded on 
a frequency-volume chart [9,10]. FBC in a frequency vol- 
ume chart can be as low as 50% of MW [11]. 

In this study, 46.5% of a total of 101 patients had a re- 
duced FBC for age, which was similar to other studies (30 
to 50%) [2,11]. However, reduced FBC itself could not be 
regarded as a simple cause of NE, because NE occurs by 
mismatch of nocturnal urine output and bladder capacity 
[12]. 

The clinical significance of FBC or MW in the manage- 
ment of NE is equivocal. In general, reduced FBC is a main 
factor not only in prediction of response to desmopressin 
but also refractory NE [13,14] . Eller et al. [14] reported that 
if FBC exceeds 70% of the age-adjusted norm, good re- 
sponse to DDAVP could be expected. With the other aspect 
of reduced bladder capacity, ratio of daytime to nocturnal 
bladder capacity is considered an important clinical factor. 
Kawauchi et al. [15] reported that a smaller bladder ca- 
pacity during sleep than daytime functional bladder ca- 
pacity, unlike in children without NE, may be an important 
cause of NE. However, Hansen et al. [9] found no significant 
difference between daytime and nighttime voiding volume. 
The result of the current study that reduced FBC sig- 
nificantly affected the severity of NE suggests that clinical 
features of reduced bladder capacity and overactivity in NE 
may be everyday wetting or multiple wetting, and perhaps 
early wetting after sleep. 

Also, because bladder function can affect the presence of 



daytime urinary symptoms, evaluation of bladder function 
is important in patients with non-monosymptomatic NE 
(NMNE). In this study, daytime voiding symptoms were 
observed in more than half of the patients, and the preva- 
lence of urgency was almost twice that of frequency and 
urge incontinence. In a Korean multi-center study, OAB 
was a significant risk factor in NE, and urgency was a better 
indicator of OAB than was frequency ( > 8 voidings per day) 
[16]. However, the results of the current study may reflect 
the difficulty in evaluating urgency in children. Because 
many normal children may feel urgency sometimes, which 
reflects a wide range of intra-individual variation, if a child 
has only urgency without frequency or incontinence, the 
possibility of voiding postponement should be considered. 
This makes the determination of true urgency indicating 
overactive bladder more difficult in children than in adults. 
Furthermore, in contrast to frequency and incontinence, 
which can be objectively evaluated by means of fre- 
quency-volume charts and wetting of underwear, urgency 
is difficult to evaluate objectively. 

In the current study, low urine osmolality (>800 
mOsm/kg H2O) was observed in 27.7% of patients, which 
is similar to the results of another study [17]. Although 
there is no standard normal-abnormal range of urine osmo- 
lality, because it rose more than 800 mOsm/kg H2O in the 
early morning under the influence of nighttime AVP secre- 
tion, 800 mOsm/kg was selected as a cutoff value in this 
study [10]. Although low osmolality at night is accom- 
panied by increased urine volume in NE, there are several 
reports that spot urine osmolality is not predictive of re- 
sponse to desmopressin [17-19]. There is also a debatable 
opinion as to whether selection of treatment modality 
(DDAVP versus alarm) can be applied according to causa- 
tive factors such as nocturnal polyuria or reduced FBC. 
Children with NE who have normal bladder function and 
capacity, fewer wet nights ( < 3 per week), only one enuretic 
event per night, age 8 years or more, and nocturnal polyuria 
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are good candidates for treatment with desmopressin [2] . 
In contrast, children with reduced bladder capacity who 
void frequently in the daytime are candidates for alarm 
treatment [13,20] . However, Van Hoeck et al. [21] reported 
failure to identify high nocturnal urine output or a 
small-for-age nocturnal functional bladder capacity as a se- 
lection criterion for treatment. 

Age was negatively correlated with the severity of NE in 
this study. Given that many children with NE will improve 
spontaneously, this result is not unexpected. However, age 
is one of the considerable factors in the selection of a treat- 
ment modality. The NICE guideline suggests an alarm for 
children under 7 years of age and desmopressin for children 
and younger people over 7 years of age. According to the re- 
sults on severity of NE and grade of parameter in this study, 
the causes of NE cannot be clearly divided into two parame- 
ters, because some patients had a normal FBC and normal 
Uosm, and some patients had a small FBC and low Uosm. 
Although several studies have suggested clues as to which 
patients may be better candidates for alarm or desmo- 
pressin treatment [2,13,14], there is no suggestion of treat- 
ment for such patients. This result may also suggest that 
both parameters may be considered to be of relative value 
rather than of absolute value. Constipation is also an im- 
portant factor that could negatively affect NE [22] , and the 
presence of constipation was correlated with daytime in- 
continence in the current study. 

There are several limitations to this study. First, the 
International Children's Continence Society has not pro- 
posed any grade of severity of enuresis [23] and recom- 
mends that the result of treatment should be specified from 
full response to nonresponse. Although the classification 
of severity of enuresis was also examined in a previous 
study [24], it is not generally used. The severity of enuresis 
in this study was determined subjectively under the as- 
sumption of bladder function between patients with only 
one wetting per day; the case may be different in patients 
with multiple wettings per day. However, the mean 
FBC/EBC in groups 2 and 3 was 70% and 58%, respectively, 
and the incidence of small FBC was similar (55.2% vs. 
55.7%). This result may reflect the possibility of accom- 
panying nocturnal polyuria with small FBC in children 
with everyday multiple wetting. The second important lim- 
itation in interpretation of this study is that daytime func- 
tional bladder capacity is not the same as the nocturnal sit- 
uation, and urine osmolality is not directly correlated with 
nocturnal polyuria. If we want to apply cause-based treat- 
ment for NE, more precise evaluation methods for noctur- 
nal detrusor overactivity and nocturnal polyuria will be 
needed. As another result of this study, the bladder ca- 
pacity and urine osmolality of females were worse than the 
corresponding values for male patients; other studies re- 
ported no differences in the two parameters according to 
gender. This result may be due to selection bias, because 
of the relatively small number of female patients. Finally, 
this study included both MNE and NMNE. In general, the 
evaluation and treatment of MNE and NMNE differ. If a 



patient has symptoms of NMNE, more careful evaluation 
and different treatment is needed [3,6]. 

CONCLUSIONS 

In children with nocturnal enuresis, severity is increased 
with younger age, reduced functional bladder capacity, and 
the presence of the daytime voiding symptoms of frequency 
and daytime incontinence. The incidence of small func- 
tional bladder capacity was increased in children with ev- 
eryday wetting, and the incidences of both small functional 
bladder capacity and low urine osmolality were increased 
in children with everyday multiple wetting. However, be- 
cause first morning urine osmolality is not a sensitive in- 
dicator of nocturnal polyuria, more precise evaluation 
methods for nocturnal detrusor overactivity and nocturnal 
polyuria will be needed to apply caused-based treatment 
for nocturnal enuresis. 
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